INTRODUCTION
Cases of cryptococcosis and isolation of C. neo/ormans from soils have been reported throughout the world (1--3, 5, 8, 12, 13, 15) . Although the fungus is thought to be widespread in nature, there are no reports available which show its growth and survival in soil under different climatic and seasonal changes throughout the year. KUHN (6) studied the growth of C. hominis at mouse and rabbit body temperatures. He suggested that higher body temperature of rabbit (390--40 ° C) was unfavorable for the multiplication of the organism, whereas the lower body temperature of the mouse (37.2 ° C) was favorable for its growth. In support of this hypotheses, KUHN reported that when cultured in vitro at 39.4 ° C, C. neo/ormans were killed slowly, but at 40.6 ° C no viable cells remained after six days incubation. STAIB (14) studied the resistance of C. neo/ormans to dessication and high temperatures. He reported that C. neo/ormans remained viable for 480 days in dry canary droppings and 240 days in other dry bird manures.
MOSBERG & CHOUDENS (7) reported the effect of changes in pH and temperature on the growth of C. neo/ormans. This study was performed with culture medium (Sabouraud's dextrose agar) ranging in pH from 5.4 to 8.7. They found that no appreciable growth was obtained when the pH of this medium was alkaline (pH 7.3 to 8.7) but When the medium was slightly acid (pH 6.5), good growth occurred. This study was initiated to assess the effects of different soils, temperatures, humidities, and sunlight and darkness on the preservation alld proliferation of C. neo/ormans.
MATERIALS AND METHODS
Soil: Soil samples were collected ill and around Kingfisher, Oklahoma, a community from which several cases of cryptococcosis have been reported and C. neo/ormans has been frequently isolated from the soil (8) , from (a) a private dwelling, (b) a city park, and (c) a freshly plowed field two miles east of town. Layers of soil, 1--5 cm in depth, were collected and placed in a clean plastic bag. In a pilot study on these three soil samples the soil collected in front of the private dwelling (pH 7.7) supported growth better than the other two soils (pH 7.4 and 6.8), therefore it was selected for the studies reported herein.
Cryptococcus neo/ormans strain: A strain of C. neo/ormans, ATCC No. 11239, received 2-25-64 and originally isolated by EMMONS from soil was used.
Preparation of C. neo/ormans for seeding into soil: All inocula of C. neo/ormans were prepared from a 24 hour culture grown at 37 ° C on Sabouraud's dextrose agar. A loopful of this culture was transferred to an Erlenmeyer flask containing 50 ml of sterile mycophil broth. The flask was incubated with continuous aeration at 37 ° C in a water bath for 18 hours. Subsequently 10 (~/o of this suspension (5 ml) was inoculated into 200 ml of mycophil broth and incubated for 24 hours, as above. This culture was centrifuged for I0 minutes at 1,290 × g. The packed cells were washed twice with steriIe physiological saline and resuspended in 200 mt of saline. All cultures were tested for purity with Gram stain and India ink preparations.
Soil Seeding: Four g of soil, along with 0.5 ml sterile phosphate buffered saline, were added to each of 600 18× 150 mm test tubes. Subsequently, the tubes were seeded with a 0.5 ml suspension of C. neo/ormans (11 × l0 G cells) , and incubated at different temperatures, humidities, and various atmospheric conditions such as sunlight and darkness, for a year. One hundred per cent humidity was provided by the method described by RITTER, et al. (9) .
At various intervals the contents of the tubes were poured into 50 ml Erlenmeyer flasks, containing 40 ml sterile physiological saline. The flasks were shaken vigorously until the soil was evenly suspended and then allowed to stand for 5 minutes. Serial dilutions were made from each flask and 0.1 ml of each dilution was plated onto Sabouraud's dextrose agar in duplicate. After 35 to 48 hours incubation, the colonies were counted on each plate and total viable cell counts were calculated according to the dilution.
Capsule thickness:
The mean diameter in microns of cells excluding capsule (from 150 observations) were subtracted from the mean diameter of cells including capsules. This figure, divided by two, denotes capsule thickness. All observations were made in India ink preparations.
RESULTS
The effects of various conditions on growth and survival of C.
neo/ormans are as follows:
E//ect o~ di//erent temperatures: Every thirty days the number of viable cells of C. neo/ormans was determined from representative tubes that had been incubated at 4--6 ° C, 20--24 ° C, and 37 ° C, at atmospheric and 100 °/o humidities (Table I ). These data indicate that when C. neo/ormass was incubated at 4--6° C in 35--40 }~ humidity, there was an increase in the number of cells from an ini- 
E//ect o/di//erent humidities:
The combined effect of temperatures and humidities on the survival of C. neo/ormaus in soil are illustrated by the data in TableI. At the end of twelve months incubation, the number of cells of C. neo/ormaus seeded in soil and incubated at 4--6 ° C in 100 % humidity remained relatively constant; whereas, those cells incubated at 20--24° C in 100 °/o humidity increased from 11 × 106 to 22× 106. At 37 ° C there was a rapid decrease in the number of viable cells incubated in 100 % humidity. At the lower temperature of 4--6 ° C, the increased humidity enhanced the survival of C. neo/ormaus. At room temperature the proliferation of fungus is dependent on a higher humidity. At 37°C there was a rapid loss of viability by the end of twelve months irregardless of the humidity. Initial inoculmn was 11 × 106 viable cells. *) 10--20 % represents the atmospheric humidity during the summer months and 40--50 % the humidity during the winter months as recorded by the "~Veather Bureau in Oklahoma City. **) Direct sunlight was provided by setting the tubes on the roof of the laboratory building. ***) Darkness was maintained by keeping the tubes covered with a bIack bucket. (Table II) .
By the end of 15 days incubation the organisms which were incubated in 100 % humidity in sunlight showed a drop in number of viable cells from an initial 11 × 106 to 6× These results indicate that during the summer months C. neo/orroans cells kept in darkness survived longer than those incubated in the direct sunlight. Of the cells incubated in the dark, those kept in 100 % humidity survived longer than those at atmospheric humidity.
E//ect in sunlight and darkness during winter:
In a separate experiment, soil was seeded with 5.4 x 107 C. neo/ormans cells and kept on the roof of the laboratory building in direct sunlight and darkness under 100°/0 and atmospheric humidities (40--50%) for the months from November 1964 to January 1965. The results are presented in Table III. The data obtained from the tubes incubated in light and dark have been combined since the results of viable cell counts were similar.
The organisms which were incubated in 100 % humidity (in light or dark) showed an increase in the number of viable cells from 5.4 × 107 to 10.0 × 107 by the end of the first month, and to 14.0 × 107 a month later. At the end of 3 months, the viability had decreased slightly to 12.0× 107 (still higher than the initial). However, in 40--50 % humidity the number of viable cells increased from 5.4 × 107 to 7 × 107 at the end o5 30 days, and then decreased to 5.0× 107 and 2.0× 107 at the end of 60 and 90 day's, respectively. During the month of November the low temperatures in Oklahoma City varied from 35--40 ° F (1.7--4.5 ° C), while the highs were 56--68 ° F (13.3--20 ° C). In December the low temperatures ranged from 30--35 ° F (--1.1--1.7 ° C) and highs ranged from 42--46 ° F (5.6--7.8 ° C). During the month of January the lows were 25--30°F (--3.9----1.1 ° C) and the highs were 37--42 ° F (2.8--5.6 ° C).
During the month of November the number of viable cells in 100 % relative humidity doubled that of the initial; there were nearly a 3-fold increase (over the original count) in December that decreased to a 2.5 fold increase over the original by the end of January. These data from Tables II and llI indicate that the growth and survival of the fungus was better under winter than under summer conditions. Coupled with cooler winter temperatures, high relative humidity enhances the proliferation of C. neo/ormans.
Size o/cell and capsule o/C. neo/ormans after incubation in soil:
Throughout the above experiments, soil samples were periodically examined with India ink preparations for the appearance of the organism. Since the size of the capsule seemed to decrease with increasing incubation, it was decided to investigate this more fully.
Soil was inoculated with C. neo/ormans and at 1, 3, and 6 month intervals, samples were removed for (a) measurement of the cell and capsule; (b) plating soil onto Sabouraud's agar and after 3--5 days incubation measuring the size of the cell and capsule; (c) inoculation of soil into mice and after these animals died Of cryptococcosis, measuring the size of the cell and capsule as it appeared in brain tissue. The results are presented in Table IV . The only significant change is that the size of the capsule decreased as incubation time in soil increased. Under all other conditions the size of the cell and the capsule remained relatively constant. *) Diameter, in microns, as observed in India ink: mean of 150 observations. **) Thickness, in microns, as observed in India ink: mean of 150 observations. ***) On Sabouraud's agar.
DISCUSSION
Three cases of cryptococcal meningitis were reported in Kingfisher, Oklahoma by MUCttMORE et al. (8) , suggesting a prevalence of C. neo/ormans in that small community. In view of this report, the soil used in these studies was collected from this area. From preliminary experiments it was found that most of the soil samples supported the growth of C. neo/ormans in the laboratory. However, the soil with a pH 7.7 maintained better growth than did soils with a pH of 7.2 and 6.8. However, when the pH of the latter soils was elevated, the yeast cells proliferated more freely. Thus, the pH of soils appears to be an important factor in the growth of this organism in nature (ISHAQ. 4).
High humidity apparently plays a key role in the propagation of this organism in soils. With only the following two exceptions, the organisms incubated in 100 % humidity survived longer and in some instances were better able to multiply than those that were kept at lower humidities: (1) At a constant incubation temperature of 37 ° C the organism survived poorly, regardless of the humidity. (2) The relatively high summer temperature encountered in Oklahoma, along with 100 % humidity and direct sunlight, were lethal to C. neojormans after 15--30 days incubation.
At incubation temperatures of less than 37 ° C, it becomes difficult to separate the effect of humidity from that of temperature. For example, at 20--24 ° C incubation, the organism multiplied during the first month of incubation and survived to a much higher degree when incubated in 100 °/o as opposed to 20--25 °/c ) humidity• A similar effect, although to a lesser degree, was observed at 4--6 ° C incubation• Thus, the proliferation of C. neo/orrnans in soils at temperatures of 20--24 ° C is more directly dependent on the relative humidity than when incubated at 4--6 ° C.
Thus, for cells of C. neo/ormans to survive in soils over relatively long periods of time, it appears that a high humidity, along with relatively cool temperatures (e.g., 4--24 ° C) is essential. For this organism to actively proliferate in soils, a high humidity plus temperatures similar to those encountered in Oklahoma during the winter months (4--14 ° C) is necessary.
Some most interesting results were obtained from measuring the size of the capsule of C. ~,eo/ormans during incubation in soil over a six month period. The longer the cells were incubated, the smaller the capsule. Apparently this organism lives in soil in a nearly, if not completely, none~lcapsulated state• Thus, the organism that one cultures on laboratory media (i.e., the heavily encapsulated form) may be quite different than the one that disseminates the disease. This fact could be most important to those working on the primary response of a host to C. neo/ormans. In light of this, a laboratory medium has been developed in which a normally heavily capsulated strain (e.g., on Sabouraud's medium) can be cultured with little or no capsule (SANs, 10).
The combined information reported herein should aid one to speculate on the survival, proliferation, and dissemination of this yeast in nature. This organism probably exists in soils in a nearly, if not completely, nonencapsulated state. This means that dissemination through wind is probably very easy since there is no gelatinous capsule to hold it to the soil particles and the organism is the same size as many fungal spores. C. ueo/ormans has been isolated from soil throughout most of the world• However, the frequency of soil isolation is not high. This could be due to one of several reasons: lack of a proper isolation medium (this may be overcome by the recently published medium of SHIELDS & AJELLO (11) ; the fact that not enough soils have been surveyed for this yeast; or the necessity for rather specific soil and atmospheric conditions (e.g., proper pH nutrients, humidity, and lack of intense, direct sunlight) for this organism.
• Regarding the latter, our data indicate that C. neo/ormans survives best in alkaline soils, in areas of high humidity, and where it is protected from excessively high temperatures and direct sunlight• Such conditions would be near streams, in or around buildings, in soils protected by trees or other ground covers. Conditions not optimal for this organism would be acid soils or those substrates exposed to excessive heat and low humidities• These conditions indicate that soils in certain geographic locations (i.e., Eastern United States) should more readily support the growth of C. neo/ormans than would the soils in other areas (e.g., Southwestern United States). These general observations would not apply where micro-ecological niches can afford the organism a suitable environment. Also, it is difficult to speculate at this time on the exact ecolog)y of C.
neo/ormans when so little is known about the soil chemistry and nutrient requirements, especially the role of pigeon feces, necessary for supporting the growth of C. neo/ormans in nature.
Summary
Sterilized soil (pH 7.7) seeded with C. neo/ormans was incubated at different temperatures and under various atmospheric conditions during a summer and winter.
Incubated for one year at constant temperatures in atmospheric humidities, the organism survived in greater number and for longer periods of time at 4--6 ° C. Increased humidity greatly enhanced the survival and proliferation of the organisms incubated at 4--6 ° C and 20--24 ° C but had little effect on organisms incubated at 37 ° C.
Summer temperatures in Oklahoma coupled with direct exposure to the sun were lethal to the organism in 100 % humidity. In the winter months, exposure to sunlight had no effect on the viability of C. neo/ormans.
As incubation time in soil increased the thickness of the capsule decreased. Cryptococcus neo/ormans probably exists in nature in nearly nonencapsulated state. It survives best in alkaline soils, in areas of high humidity, and where the organisms are protected from high temperatures and direct sunlight.
